The interannual variation in tropical cyclone genesis frequency over the western North Pacific was examined for the active tropical cyclone (including summer and fall) during 1979-94. An emphasis was put on the possible effect of the interannual variation of atmospheric circulation and monsoon trough on tropical cyclone occurrence. The major findings of this study are the following. 1) A distinct increase (decrease) of tropical cyclone genesis frequency occurs north of the climatological location of the monsoon trough in the Philippine Sea during summers (June-August) with anomalous cold (warm) sea surface temperature (SST) over the NINO3 region. The interannual variation of tropical cyclone genesis in this region results from the appearance of an anomalous cyclonic (anticyclonic) cell situated in a summer teleconnection wave train emanating from the western tropical Pacific and progressing along the rim of the North Pacific. In addition to the north-south interannual variation, there is also a longitudinal interannual variation in the summer tropical cyclone genesis frequency over this region. The contrast of tropical cyclone genesis between the regions west and east of 150ЊE is reduced (enhanced) when the monsoon trough extends (retreats) eastward (westward) across this longitude during warm (cold) summers. 2) For fall (September-November), there is no clear relationship between the north-south interannual variation in the tropical cyclone genesis over the western North Pacific and SST (NINO3). However, there is a perceptible tendency of the longitudinal interannual variation in tropical cyclone genesis frequency to follow the eastward extension/westward retreat of the monsoon trough in a way such as it does during the summer season.
Introduction
The interannual variation of tropical cyclone genesis in the western North Pacific has been the captivating subject of several previous studies (e.g., Chan 1985; Dong 1988; Wu and Lau 1992; Lander 1994 ). The consensus reached by these studies as to the cause is an interannual oscillation in the frequency of tropical cyclone genesis between the western and central North Pacific. During El Niño years, fewer tropical cyclones were formed over west of around 150Њ-160ЊE, while more were generated east of these longitudes. The reversed situation occurred during La Niña years. Chan (1985) suggested that the frequency contrast of tropical cyclone genesis between the two regions may be caused by the development of an anomalous east-west Walker circulation, which would lead to an interannual alternation of enhancement and suppression of cumulus convection between the western and central North Pacific. This east-west alternation of cumulus convection may affect the interannual variation of tropical cyclone genesis. Chan's suggestion was reinforced by Wu and Lau (1992) who linked the interannual variation in tropical cyclone genesis frequencies to that in low-level divergence between the western and central tropical Pacific.
In his recent review of tropical cyclone genesis, McBride (1995) pointed out that the seasonal distribution of tropical cyclone genesis location was determined primarily by two factors: sea surface temperatures (SST) greater than 26.5ЊC and the location of the monsoon trough. Analyzing the SST compiled by the National Centers of Environmental Prediction (NCEP) (Reynolds 1988; Reynolds and Marsico 1993) , we found that during the active tropical cyclone season the interannual variation of SSTs in the northwestern Pacific tropical cyclone genesis region is not significant in the distribution of tropical cyclone genesis location. Thus, the second factor may be of importance to the interannual variation in tropical cyclone genesis frequencies, because ''most cyclones form in the shear zone between monsoonal (usually cross-equatorial) westerlies and the trade easterlies (Sadler 1967) . Enhancement of the flow on either side of this monsoon trough increases the lowlevel relative vorticity and makes conditions more favorable for genesis'' (Frank 1987) . During the active months of tropical cyclone genesis, the monsoon trough always exists in the western tropical Pacific (McBride 1995) . As inferred from Frank's observation, it is likely that any mechanism causing the interannual variation of the atmospheric circulation around the monsoon trough may affect the tropical cyclone genesis frequencies over the western North Pacific (Lighthill et al. 1994) .
N O T E S A N D C O R R E S P O N D E N C E
As shown by the low-level flow in the western North Pacific (which will be shown later in this paper), the monsoon trough during the active tropical cyclone seasons (which include summer and fall) is situated between the North Pacific anticyclone and the BorneoNew Guinea high. Because these two high systems are asymmetric components of the summer-fall atmospheric circulation, the interannual variation of the monsoon trough should be linked to that of these two asymmetric circulation elements. Although the interannual variation of summer circulation has been scrutinized by recent studies (e.g., Lau and Pang 1992; Chen and Yen 1993) , the major focus of these studies was either the globalscale circulation in the Tropics or the link between the downstream teleconnectivity and the drought/flood of North America. Actually, the interannual variation of summer circulation in the western North Pacific has not been extensively examined. An El Niño-Southern Oscillation (ENSO) episode generally emerges in fall and reaches its peak intensity in winter. The depiction of the anomalous circulation associated with an ENSO event is often focused on the winter season, while the development of the anomalous circulation during fall is often neglected. Because of the insufficient research on the interannual variation in the atmospheric circulation during summer and fall, we may ask that if tropical cyclone genesis occurs frequently in the western North Pacific, is there a possible interannual variation of the atmospheric circulation over the western North Pacific that would result in interannual variation of the monsoon trough, and in turn interannual variation of tropical cyclone genesis frequencies? We endeavor in this study to search for this possibility.
The data used in this study included the 6-h tropical cyclone tracks of a 16-yr period collected by the Regional Specialized Meteorological Center within the Forecast Division of the Japan Meteorological Agency, Tokyo, Japan, and outgoing longwave radiation (OLR) and SST compiled by NCEP and the NCEPNational Center for Atmospheric Research (NCAR) reanalysis data for 1979-94.
Interannual variation of tropical cyclone occurrence
Various statistical schemes have been applied in previous studies in search of the possible relationship between the interannual variation in the tropical cyclone genesis 1 frequency over the western North Pacific and the ENSO activity. However, for simplicity of statistical analysis, we shall examine in this study this relationship in terms of basic statistics. The peak tropical cyclone season over the western North Pacific covers summer and fall (Neumann 1993) . Thus, we shall focus our analysis only on the time period ranging from June to November for the years examined, rather than the annual tropical cyclone occurrence as done by other studies. The statistical analysis of this study consists of the following two parts.
1) Division of analysis domain:
Tropical cyclone frequencies east of the date line are much lower than west of this longitude (Fig. 4 of Lander 1994) . Also, as indicated by the x-t diagram of OLR (not shown), interannual variation of cumulus convection inside the South China Sea is opposite in phase to that in the central tropical Pacific. For these two reasons, we concentrate our analysis on the region of 0Њ-30ЊN, 120ЊE-180Њ. As will be shown later, the main portion of the seasonal-mean monsoon trough east of the Philippines extends eastward in summer to about 150ЊE and farther eastward in fall. This trough is located latitudinally during both seasons at about 10Њ-15ЊN within the longitudinal zone of 130Њ-140ЊE. In order to obtain a sense of the spatial variation in the interannual variation of tropical cyclone genesis frequencies, the aforementioned analysis domain is divided into four subregions: region 1 (15Њ-30ЊN, 120Њ-150ЊE), region 2 (0Њ-15ЊN, 120Њ-150ЊE), region 3 (15Њ-30ЊN, 150ЊE-180Њ), and region 4 (0Њ-15ЊN, 150ЊE-180Њ). This domain division is presented in some synoptic charts in the next section. 2) Seasonal-mean tropical cyclone occurrence: The major theme of this study is to seek the effect of a possible interannual variation of atmospheric circulation over the western North Pacific on the tropical cyclone genesis frequencies in this region. As is well known, the most pronounced interannual variation of atmospheric circulation is perhaps associated with the ENSO activity. For the following reasons, however, we shall split the active tropical cyclone period an- alyzed in this study into summer (June-August) and fall (September-November) to illustrate the effect sought in this study. R It was pointed out by Wright (1985) that some characteristics of the Southern Oscillation (SO) exhibit a distinct seasonal variation. The maximum development of the SO characteristics occurs during September-February and the minimum around AprilJune. Thus, the fall characteristics of the SO may differ from those in the summer. In contrast, spring (March-May) is a transition season during which the ENSO may switch either from a warm winter phase to a cold summer phase or vice versa. R The South China Sea-western tropical Pacific summer monsoon decays after August. The monsoon trough, which radiates out during summer from northern Indochina to the Philippine Sea, is detached from Indochina in fall, because of the development of a minor high over East Asia and the equatorward migration of its western portion in the South China Sea. Thus, the monsoon trough in fall becomes more east-west oriented.
a. Summer Shown in Fig. 1a is the time series of the summermean SST departure in the NINO3 region, ⌬SST (NINO3), from its multiple-summer average [generated from the SST compiled by Reynolds (1988) and Reynolds and Marsico (1993) at NCEP]. Summers with ⌬SST(NINO3) larger (smaller) than 0.5ЊC (Ϫ0.5ЊC) are marked with W (C). If the interannual variation of the summer circulation containing the monsoon trough is induced by (or related to) the tropical summertime SST anomalies, there should be a correlation between them. It will be shown later in the next section that a northward (southward) migration of the summer-mean monsoon trough follows the appearance of anomalous cyclonic (anticyclonic) flow in region (1 ϩ 3) during cold (warm) summer. Since the atmospheric circulation in both the Tropics and higher latitudes can be portrayed well by streamfunction ⌿, we shall apply the summer-mean streamfunction departure at 850 mb, ⌬⌿(850 mb), averaged over a major part of region (1 ϩ The summers satisfying marginally the ⌬SST (NINO3) criterion may be dropped out from our selection if more summers are included to evaluate the multiple-summer averaged SST(NINO3). However, in order to avoid any possible obscurity in our analysis caused by the improper selection of summers, we introduce the ⌬⌿(850 mb) criterion that those summers selected exhibit a similar response of their circulation to ⌬SST(NINO3) anomalies in the eastern tropical Pacific. Based upon the above two criteria, summers of (1982, 1983, 1987, 1991) and (1981, 1984, 1985, 1988, 1989, 1994) are selected as warm and cold ones, respectively. The histogram of tropical cyclone genesis frequency occurring every summer in the analysis domain is displayed in Fig. 2a . The contrast between ⌬SST(NINO3) and the tropical cyclone genesis frequencies reveals an increasing (decreasing) tendency of tropical cyclone genesis during cold (warm) summers. A sense of spatial variation in the interannual variation of tropical cyclone genesis frequencies within the analysis domain can be obtained from the statistics shown in Table 1 . Displayed (1982, 1983, 1987, 1991) (n w ), over six cold summers (1981, 1984, 1985, 1988, 1989, 1994) , the difference between the two latter quantities (n c Ϫ n w ), and the accumulation of tropical cyclone genesis frequency from 1979 to 1994 (⌺n). in this table are the multiple summer-mean tropical cyclone genesis frequencies (n), the seasonal tropical cyclone genesis frequencies averaged over six cold summers (n c ), the seasonal tropical cyclone genesis frequencies averaged over four warm summers (n w ), the difference n c Ϫ n w , and the total number of tropical cyclone occurrences over 16 summers (⌺ n), respectively. The major results of this table are highlighted as follows.
1) For the total domain, the difference between summer tropical cyclone genesis frequencies averaged over six cold and four warm summers, n c Ϫ n w Ӎ 5, is about four-tenths of the averaged summer genesis frequencies, (n Ӎ 12). 2) The total number of tropical cyclones formed ⌺ n in region 1 is comparable to that formed in region (1 ϩ 3), and likewise, ⌺ n in region 2 is comparable to ⌺ n in region (2 ϩ 4). This comparison indicates that the total tropical cyclone genesis frequencies in region 3 and region 4 are much smaller than in region 1 and region 2. Thus, in the latter two regions, the contrast of tropical cyclone genesis between cold and warm summers may be a good indication for the impact of the summer anomalous SST in the tropical Pacific and the corresponding anomalous circulation on tropical cyclone genesis in the western North Pacific. 3) Although the summer-mean tropical cyclone genesis frequencies in both regions (1 ϩ 3) and (2 ϩ 4) are comparable, the difference of tropical cyclone genesis frequency between warm and cold summers behaves in these two regions in opposite ways. It is revealed from the contrast between n w and n c that the interannual variation of tropical cyclone genesis frequency in region (1 ϩ 3) is much larger than that in region (2 ϩ 4) and is in an opposite way. Quantitatively, n c Ϫ n w is larger than n; cold summers have more tropical cyclone genesis in region (1 ϩ 3). In contrast, n c Ϫ n w in region (2 ϩ 4) is negative and smaller than n; cold summer have fewer tropical cyclone geneses.
As indicated by the comparisons between Figs. 2b and 2c, the contrast of interannual variation in tropical cyclone genesis frequency between regions (1 ϩ 3) and (2 ϩ 4) is not only pronounced, but also persistent over all cold and warm summers. To be more quantitative, n(region 1 ϩ 3) Ϫ n(region 2 ϩ 4) of every summer is shown in the bottom histogram of Fig. 2 : |n(region 1 ϩ 3) Ϫ n(region 2 ϩ 4)| for all cold and warm summers analyzed in this study is larger than/equal to 3.
Previous studies examining the interannual variation of tropical cyclone genesis frequencies in the western North Pacific region focused primarily on the interannual oscillation between the western and eastern tropical Pacific (e.g., Chan 1985; Wu and Lau 1992; Lander 1994) . The interannual oscillation of anomalous eastwest Walker circulation between the western and eastern tropical Pacific in accordance with the ENSO activity has been suggested as a possible forcing mechanism causing the aforementioned interannual oscillation of tropical cyclone genesis frequencies. As illustrated by Table 1 , a pronounced contrast exists between interannual variations in regions north and south of the climatological monsoon trough. Lander (1994, his Fig. 5 ) observed annual total significant changes in the latitude of tropical cyclone formation. However, the contribution from the pronounced contrast between interannual variations in tropical cyclone genesis frequencies north and south of the climatological location of the monsoon trough has not been recognized and analyzed in past studies. Thus, some questions concerning this interannual variation are raised: 1) Why does a pronounced interannual variation in tropical cyclone genesis frequencies occur north of the climatological monsoon trough during the summer? 2) How is this interannual variation in tropical cyclone formation related to the interannual variation of the monsoon trough east of the Philippines? 3) Is the interannual variation of the monsoon trough linked to that of the large-scale circulation in the North Pacific basin?
To answer these questions, we shall examine interannual variations of the following summer circulation elements in section 3: 1) latitudinal location of the monsoon trough east of the Philippines, and 2) summertime circulation in the North Pacific basin and its relationship with the monsoon trough. In addition to the effect of the monsoon trough's meridional migration, Lander (1994) pointed out that the interannual variation of tropical cyclone genesis may also be affected by the longitudinal variation of the monsoon trough. Although the majority of tropical cyclone genesis takes place in regions 1 and 2, it is inferred from Table 1 that approximately a quarter of tropical cyclone genesis occurred in region (3 ϩ 4) during the summers of 1979-94. It is likely that the effect of the monsoon trough's east-west extension on tropical cyclone genesis can be revealed from the contrast of tropical cyclone genesis between regions (1 ϩ 2) and (3 ϩ 4). It is shown in Table 2 that this contrast increases (decreases) during cold (warm) summers. To clarify further the effect of the monsoon trough's longitudinal variation on tropical cyclone genesis frequency, the histograms of three quantities in each summer are shown in Fig. 3 : tropical cyclone genesis frequency in regions (1 ϩ 2) [n(region 1 ϩ 2)] and (3 ϩ 4) [n(region 3 ϩ 4)], and the difference between them ⌬n [ϭn(region 1 ϩ 2) Ϫ n(region 3 ϩ 4)]. As judged subjectively from the summer-mean 850- Table 2 except for fall, the cold and warm falls include those of (1984, 1985, 1988, 1989) and (1982, 1986, 1987, 1991) , respectively.
mb streamline charts in every summer (not shown), dark shading (double hatching) is used in Fig. 3d when the monsoon trough extends (retreats) eastward (westward) across 150ЊE. The contrast between Figs. 3c and 3d provides a strong indication that ⌬n increases noticeably during cold summers in accompaniment with a westward retreat of the monsoon trough as Lander (1994) suggested.
b. Fall
As shown previously, the interannual variation of the summer tropical cyclone genesis frequency in the western North Pacific may be caused by the north-south meridional migration and by the longitudinal variation of the monsoon trough. Because the peak tropical cyclone season includes fall and the monsoon trough still exists in this season over the Philippine Sea, we may question whether there is interannual variation of the fall circulation over the western North Pacific to affect the tropical cyclone genesis frequency in this region in the same way as in summer.
It was revealed in Fig. 1 that a coherent interannual variation exists between the ⌬SST(NINO3) and ⌬⌿(850 mb) indices in summer, and from Fig. 2 that the tropical cyclone genesis frequency has an increasing tendency during cold summers. Shown in Fig. 4 is the time series of the fall ⌬SST(NINO3) index. Following the summer criterion, we may declare those falls with ⌬SST(NINO3) Ն0.5ЊC (ՅϪ0.5ЊC) as warm (cold) and mark them W (C) accordingly on the fall ⌬SST(NINO3) index. Unlike the summer season, there is no coherent interannual variation in fall between the ⌬SST(NINO3) and ⌬⌿(850 mb) (not shown) indices. In other words, there is no systematic correlation between interannual variations of ⌬SST(NINO3) and the atmospheric circulation in region (1 ϩ 3) . Actually, we do not find any indication that the fall tropical cyclone genesis frequency over the western North Pacific shows any interannual variation in accordance with SST(NINO3). The monsoon trough neither undergoes a north-south meridional migration nor affects the contrast of tropical cyclone genesis frequency between regions (1 ϩ 3) and (2 ϩ 4) following the interannual variation of ⌬SST(NINO3) index.
Since there is no systematic meridional migration of the fall monsoon trough, can this monsoon trough undergo interannually a longitudinal variation to cause the interannual variation of tropical cyclone genesis frequency? To explore the answer to the question posed here, we display in Table 3 n(region 1 ϩ 2), n(region 3 ϩ 4), and the difference between them, ⌬n. Although n(region 3 ϩ 4) is less than a half of n(region 1 ϩ 2), ⌬n shows a clear increase (decrease) during cold (warm) summers. This coherent relationship may be explored further with histograms of these three quantities in Fig.  5 . The east-west extension of the fall monsoon trough across 150ЊE is also marked at the bottom of this figure, following the convention of Fig. 3 . As revealed from Fig. 5 , ⌬n and ⌬SST(NINO3) are out of phase. Plausibly, it is expected that the interannual variation of ⌬n is related to the interannual variation of the atmospheric circulation in connection with the east-west extension of the fall monsoon trough in response to the interannual variation of fall ⌬SST(NINO3). This issue will be addressed in further detail later.
Our assertion of the relationship between ⌬n and ⌬SST(NINO3) in fall is complicated by large ⌬n during falls of 1979, 1983, and 1993 . The reason for this unusual enhancement of tropical cyclone genesis frequency in ⌬n, and in turn region (1 ϩ 2), is unclear to us. Fig. 6a is the summer-mean 850-mb streamline chart constructed with the NCEP-NCAR reanalysis data (Kalnay et al. 1996) for 1979-94, superimposed by locations of tropical cyclone genesis (denoted by dots), OLR, and regions used in our analysis (encircled by boxes). As indicated by the low-value OLR (210 W m Ϫ2 ) and cyclonic streamlines, the monsoon trough east of the Philippines is situated between the North Pacific anticyclone and the Borneo-New Guinea high with monsoon westerlies and trade easterlies located south and north of this trough, respectively. The first of Gray's (1968 Gray's ( , 1979 Fig. 3 except for fall. distribution of tropical cyclone genesis is a large value of low-level relative vorticity. Due to the strong horizontal shear (which reflects, in large part, relative vorticity) associated with the monsoon trough, the western North Pacific is a major region of tropical cyclone genesis. Since regions (1 ϩ 3) (Fig. 2) and (1 ϩ 2) (Fig.  3 ) exhibit more tropical cyclone genesis during cold summers than warm summers, it is likely that the monsoon trough embedded in the large-scale summer circulation may undergo some type of interannual variation between these two climate regimes. To explore this possibility, composite charts of 850-mb streamline for four warm (1982, 1983, 1987, 1991) and six cold (1981, 1984, 1985, 1988, 1989, 1994) summers are displayed in Figs. 6c and 6d , respectively. Superimposed on these two composite charts are the locations of tropical cyclone genesis for corresponding summers and OLR.
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Some striking contrasts of tropical cyclone genesis locations between warm and cold summers emerge from the comparison between Figs. 6c and 6d: Tropical cyclone genesis occurs more often 1) north (south) of 15ЊN during cold (warm) summers and 2) west of 150ЊE during cold summers. The tropical cyclone genesis frequency in the South China Sea is not a concern of this study but it is still of interest to note that the tropical cyclone activity increases (decreases) during cold (warm) summers. As inferred from the distribution of tropical cyclone genesis around the monsoon trough and from this trough's location, the interannual variations of summer tropical cyclone genesis over the western North Pacific may result from the interannual variation of the monsoon trough in two ways.
1) North-south migration:
The monsoon trough migrates from the latitudinal location (east of the Philippines) south of 15ЊN during warm summers to the latitudinal location around 15ЊN during cold summers. To be more quantitative, the latitudinal locations of the monsoon trough between 130Њ and 140ЊE are determined with the 850-mb streamline charts and average over this longitudinal zone. The averaged monsoon trough location and the latitudinal location of minimum OLR value averaged over 130Њ-140ЊE are displayed in Fig. 7 . As shown clearly in this figure, there is a northward shift of the monsoon trough and the associated minimum OLR during cold summers (1981, 1984, 1985, 1988, 1989, 1994 ) and a southward shift of both the monsoon trough and associated minimum OLR during warm summers (1982, 1983, 1987, 1991) .
2) East-west extension: Based upon our observations of the summer-mean 850-mb streamline charts (not shown), the second type of the monsoon trough's interannual variation, that is, the eastward extension/westward retreat across 150ЊE, is marked in Fig. 3d . As revealed from this figure, the monsoon trough retreats (extends) westward (eastward) during cold (warm) summers. This assertion may be summarized by the contrast between the composite summertime 850-mb streamline charts and low-valued OLR of warm (Fig. 6c) and cold (Fig. 6d) summers. Since the monsoon trough is situated between the North Pacific anticyclone and the BorneoNew Guinea high, the aforementioned north-south meridional shift and east-west extension of the monsoon trough should be a part of the interannual variation of large-scale summer circulation. In other words, the interannual variation of the monsoon trough between cold and warm summers is an indicator of the interannual variation of large-scale summer circulation in which this trough embeds.
In his comment on Wu and Lau's (1992) study for the relationship between tropical cyclone formation frequency and the ENSO activity, Lander (1993) pointed out that ''the main low-level circulation associated with suppression of formation of tropical cyclones in the western North Pacific is a persistent subtropical ridge anchored from just east of the Philippines and extending northeastward toward the date line that is accompanied by higher than normal sea level pressure and low-level easterly wind anomalies throughout the low latitudes of the western North Pacific.' ' Lander (1993) 
The 850-mb streamline charts superimposed with outgoing longwave radiation (OLR) for (a) summer climatology averaged over 1979-94, (c) summer climatology averaged over warm summers (1982, 1983, 1987, 1991) , (d) summer climatology averaged over six cold summers (1981, 1984, 1985, 1988, 1989, 1994) further that ''anomalous high pressure and easterly winds in the low latitudes of the western North Pacific are often associated with the transition to cold conditions following an El Niño.'' Based on preliminary synoptic investigations, Lander's comments indicate the possible effect of the interannual variation of large-scale summer circulation on tropical cyclone genesis frequencies. The teleconnection wave train presented in Fig. 6b and our argument concerning the possible effect of this wave train on the summer tropical cyclone genesis frequencies over the western North Pacific are consistent with Lander's observation.
The contrast between the North Pacific anticyclone structure during cold (Fig. 6d) and warm (Fig. 6c) summers reveals that the ridge line of this anticyclone shifts northward in the former summer condition. A better view of the circulation change from warm to cold summers can be obtained through differences of 850-mb flow fields and OLR between the two extreme circulation conditions. The differences in 850-mb flow fields and OLR, depicted with ⌬[V (850 mb), OLR], are shown in Fig. 6b . Prominent features of this figure are highlighted as follows. 1) A short-wave train emanates from the Philippine Sea along the rim of the North Pacific with an anomalous anticyclonic cell in region (2 ϩ 4) and an anomalous cyclonic cell in region (1 ϩ 3). The former anomalous cell and the anomalous tropical easterlies associated with this anticyclonic cell are consistent with Lander's remark. During cold summers, the east-west elongated anomalous cyclonic cell covering region (1 ϩ 3) east of Taiwan enhances lowlevel relative vorticity and in turn increases tropical cyclone genesis frequencies during cold summers. Because of this cyclonic cell's appearance, the monsoon trough retreats westward and broadens its north-south extent. For this reason, the tropical cy- clone genesis frequency is enhanced in region (1 ϩ 2). The reverse situation occurs during warm summers.
2) In addition to the east-west differentiation of OLR anomalies in the Tropics, there is a north-south stratification of OLR anomalies associated with the juxtaposition of anomalous anticyclonic and cyclonic cells. As indicated by OLR anomalies, cumulus convection is intensified in region (1 ϩ 3) and the northern part of region 2 during cold summers. Conceivably, tropical cyclone genesis frequencies should be increased accordingly. The opposite situation should take place in warm summers in these regions.
It becomes clear from our analysis that the increase (decrease) in tropical cyclone genesis frequencies in regions (1 ϩ 3) and (1 ϩ 2) results from the interannual summer circulation change shown in Fig. 6b . Apparently, there is a close link between the interannual variation of tropical cyclone genesis frequencies and the teleconnection wave train of the summertime circulation in the western North Pacific following the alternation between warm and cold summers.
b. Fall
Following the summer case (section 3a), the fallmean 850-mb streamline chart with locations of tropical cyclone genesis, OLR and analysis domain are shown in Fig. 8a . The salient features of the fall circulation in contrast to the summer circulation are 1) along the east coast of Asia, a trough appears over the eastern seaboard of northeast Asia and an anticyclone forms over east China; 2) the west side of the North Pacific anticyclone retreats eastward to form a low pressure corridor between this anticyclone and the east China anticyclone; 3) being detached over Indochina, the western part of the monsoon trough moves equatorward in such a way that this trough becomes more east-west oriented; and 4) the Aleutian low deepens and splits into two low centers: a major one centered in eastern Alaska and a minor one in the Skelekhov Gulf.
The locations of fall tropical cyclone genesis over the 16-yr period are dotted in Fig. 8a . Compared to the summer season (Fig. 6a) , the occurrence of tropical cyclone genesis in fall concentrates more along the fallmean monsoon trough and rarely spreads across 25ЊN. The larger meridional spread of tropical cyclone genesis in summer (Fig. 6a) is caused by the interannual meridional migration of the monsoon trough. In contrast, the smaller meridional spread of tropical cyclone genesis is possible because of smaller meridional migration of the monsoon trough. According to the statistics of fall tropical cyclone genesis, there is a pronounced interannual variation in the difference of fall tropical cyclone genesis between regions (1 ϩ 2) and (3 ϩ 4), ⌬n, during cold falls. If the monsoon trough does not undergo a significant meridional migration, what then may be the mechanism causing the pronounced interannual variation in ⌬n? To seek the answer to this question, we construct the composite 850-mb streamline charts with OLR for cold (1984, 1985, 1988, 1989) and warm (1982, 1986, 1987, 1991) falls. Interesting features revealed from these two composite charts are as follows.
N O T E S A N D C O R R E S P O N D E N C E
1) The contrast of the fall 850-mb circulation in the western tropical Pacific between cold and warm does not show significant meridional shift of the monsoon trough. The major change of the 850-mb circulation between the two climate regimes is the disappearance (eastward extension) of the monsoon trough in (to) region 4. The increase of tropical cyclone genesis frequency in region (1 ϩ 2) results from the deepening of the monsoon trough in this region. As revealed from feature 1, this minor meridional shift of the monsoon trough does not seem to exert a profound effect on the locations of tropical cyclone genesis as in the summer case. 2) Other 850-mb circulation contrasts between the cold and warm falls include the slight eastward shift of the east China anticyclone during cold falls, the deepening of the east coast trough of northeast Asia and the eastward shift of the western center of the North Pacific anticyclone during cold falls, and the filling of the two low centers at about 60ЊN during cold falls.
The contrast of tropical cyclone genesis locations and 850-mb circulation between the two different circulation regimes suggests that the pronounced difference in tropical cyclone genesis frequency between regions (1 ϩ 2) and (3 ϩ 4) during cold falls results from the circulation pattern change over the analysis domain. To substantiate this suggestion, the differences in composite streamline charts and OLR between the two circulation regimes, that is, Figs. 8d and 8c, are shown in Fig. 8b . The salient features of Fig. 8b related to the interannual variation of the fall tropical cyclone genesis frequency between regions (1 ϩ 2) and (3 ϩ 4) are as follows. 1) A well-organized teleconnection wave train emanating from the analysis domain emerges from the circulation difference between cold and warm falls. Regardless of its structure difference from the summer one (Fig. 6b) , the fall teleconnection wave train may well be a response of the fall atmospheric circulation to the tropical Pacific SST anomalies, as indicated by ⌬SST(NINO3).
2) The anomalous circulation in each region of the analysis domain is characterized by one type of anomalous flow: Regions 1 and 4 by anomalous anticyclonic flow and regions 2 and 3 by anomalous cyclonic flow. The enhancement of tropical cyclone genesis frequency in region (1 ϩ 2) is caused primarily by the occurrence of anomalous cyclonic flow in Region 2 and is related to the deepening of the monsoon trough there.
Since the anomalous flows in regions 1, 2, and 3 are parts of the fall teleconnection wave train, it is likely that the effect of the tropical Pacific SST anomalies [as indicated by ⌬SST(NINO3)] on the fall tropical cyclone genesis over the western North Pacific occurs through the generation of this wave train.
Concluding remarks
Previous studies examining the interannual variation of tropical cyclone genesis frequencies in the western North Pacific focused primarily on the east-west oscillation of this frequency between the western and central North Pacific. In accordance with the ENSO activity, the east-west oscillation of the anomalous Walker circulation between these two territories of the North Pacific was suggested as a possible cause of the interannual variation of tropical cyclone genesis frequencies. According to Gray (1968 Gray ( , 1979 , the relative vorticity associated with the monsoon trough in the western North Pacific is a factor vital to the tropical cyclone formation in this region. Conceivably, any mechanism possibly causing the interannual variation of the atmospheric circulation in which the monsoon trough embeds may result in the interannual variation of the relative vorticity associated with this trough. In turn, this mechanism may affect interannually the tropical cyclone genesis frequency over the region surrounding the monsoon trough. The most likely candidate for this mechanism is the interannual variation component of the atmospheric circulation containing the monsoon trough related to the ENSO activity. Based upon this hypothesis, an effort was made in this study to explore 1) the interannual variation of tropical cyclone genesis frequency in the western North Pacific and 2) the possible mechanism causing this interannual variation.
The active tropical cyclone season covers summer and fall. Since the characteristics of atmospheric circulation and Southern Oscillation in these two seasons differ in some ways, we split our analysis into summer and fall. Our major findings for the interannual variation of tropical cyclone genesis frequency and the monsoon trough are summarized as follows. What may be the possible mechanism responsible for the interannual variation of tropical cyclone genesis frequency over the western North Pacific found in this study? Since the anomalous circulation associated with the ENSO activity may be responsible for the interannual variation of the monsoon trough, we thus constructed the difference in streamline charts between cold and warm summers/falls. Emerging from these streamline charts at 850 mb is a teleconnection wave train emanating from our analysis domain. The interannual variation of the monsoon trough, which causes the interannual variation of tropical cyclone genesis over the western North Pacific, is a part of the teleconnection wave train. The anomalous teleconnection wave train is a possible response of the summer-fall atmospheric circulation to the tropical Pacific SST anomalies, as indicated by ⌬SST(NINO3). Thus, we may argue that the interannual variation of tropical cyclone genesis frequency over the western North Pacific is caused by the tropical Pacific SST anomalies through the formation of the anomalous teleconnection wave train. In this study, as we analyzed only 16 years, which include four warm and six cold summers, and four warm and four cold falls, the conclusion drawn from our result should be considered tentative. An effort along the line of this study is urged when the 40-yr NCEP-NCAR reanalysis data become available in the near future.
The teleconnection wave train of the North Pacific in summer and fall have not been well examined in the past. The effect of this teleconnection wave train on the tropical cyclone genesis frequency in the western North Pacific is certainly an intriguing topic. However, the possible effect of this wave train on the activity of weather disturbances and monsoon in Southeast-East Asia and the North American climate, for example, drought and flood, are important subjects that should be addressed. Although some studies (e.g., Lau and Peng 1992) examined the summer teleconnectivity, their main focus was its downstream effect on the interannual summer climate change of North America, rather than the upstream effect on the circulation over the western North Pacific. Recently, Chen and Weng (1998) examined the relationship between the interannual variation of the equatorial wave activity in the western tropical Pacific and the summer teleconnection wave train. How this wave train affects the Southeast-East Asian monsoon is unclear. In light of our depiction of the summer/fall teleconnection wave train, the teleconnectivity of large-scale circulation in the North Pacific basin warrants further investigation.
